BACKGROUND: high Bmi is often used as a proxy for obesity and has been considered a risk factor for the development of an incisional hernia after abdominal surgery. however, Bmi does not accurately reflect fat distribution.
i ncisional hernia is one of the most common surgical complications, with more than 2 million laparotomies performed annually in the united states and an incidence of 4% to 21% in studies with long-term followup. 1-3 more than one third of patients with an incisional hernia are symptomatic, with symptoms of pain or discomfort at the hernia site, limitations of activity, and subacute obstruction, resulting in decreased quality of life. 1 these patients also report lower scores for physical functioning, social functioning, general health perception, cosmesis, and body image compared with patients without ventral hernias. 4 furthermore, an estimated 17% of patients have an incarcerated or strangulated hernia at initial presentation, an indication for emergent repair. 5 an estimated 360,000 incisional hernia repairs are performed annually in the united states, and the number and cost of repairs appear to be rising, with a total cost of at least $3.2 billion per year. 6 Various risk factors play a role in the development of an incisional hernia and tend to fall into 3 major categories: 1) surgical technique and perioperative conditions, 2) impaired wound healing, and 3) increased intra-abdominal pressure. obesity is an especially important risk factor for incisional hernia because of its strong association with hernia development and high prevalence in the united states. 2, 3, [7] [8] [9] [10] [11] approximately 35% of adults in the united states are currently considered obese. 12 it is hypothesized that the link between obesity and incisional hernia is attributed to increased abdominal wall tension. using the law of laPlace, abdominal wall tension is directly related to the radius of the abdomen and intra-abdominal pressure, 11 and studies have confirmed a direct correlation between obesity and increased intra-abdominal pressure. 13 using this pathophysiologic mechanism, central obesity with higher amounts of visceral fat within the intra-abdominal cavity should theoretically play the strongest role in incisional hernia development. in addition, visceral fat is metabolically active and appears to play a role in the alteration of the normal immune function. 14, 15 it has been shown previously to increase the risk of surgical site infection after colon resection, 16 which is another independent risk factor for incisional hernia development. 3, 7, 8, 10, 17 Because Bmi is easy to calculate, with only the requirement of patient height and weight, it has been a popular surrogate marker for obesity in the literature. 2, 3, [7] [8] [9] [10] [11] however, Bmi does not distinguish between the type of adipose tissue or location of fat within the intra-abdominal cavity. several articles have argued that elevated Bmi is not an accurate measure of obesity and that clinicians and researchers should instead quantify the amount of body fat. 18, 19 several techniques have been evaluated to improve the accuracy of measuring body fat composition. although waist circumference (WC), waist:hip ratio, ultrasonography, and mRi have all been used in previous studies, Ct imaging provides accurate measurements of visceral and subcutaneous adipose tissue that are comparable to those of mRi but at a much lower cost. 20 no previous study has evaluated the effect of specific body fat measurements on the risk of incisional hernia development. With the use of preoperative Ct imaging to calculate 3-dimensional volumetric measurements of body fat composition, this study aimed to compare the various measurements of adiposity, including visceral fat volume (VfV), subcutaneous fat volume (sfV), total fat volume (tfV), and WC, with Bmi and to evaluate which is most strongly associated with incisional hernia development in a cohort of patients with colorectal cancer. We hypothesized that visceral obesity plays the strongest role in hernia development.
MATERIALS AND METHODS
a retrospective chart review was conducted on patients who underwent colon or rectum resection for cancer between the years 2003 and 2010. International Classification of Diseases, ninth Revision, codes were used to identify patients within a local institution-based cancer registry with colorectal malignancy (codes 153.0-154.8), which were then cross-referenced for colorectal resections by Current Procedural terminology code, as described previously. 21 only patients who underwent elective surgery without disseminated disease were included. additional exclusion criteria included tumors with histology other than adenocarcinoma, diagnosis of iBD or hereditary nonpolyposis colorectal cancer, incisional hernia repair with mesh at time of surgery, and death or loss of followup within 6 months from the date of the index procedure. this exclusion process was undertaken to achieve a homogenous study population.
for the analysis of visceral obesity via Ct imaging, 2 independent observers retrospectively reviewed preoperative Ct scans of the abdomen and pelvis for each subject while blinded to patient outcome. three-dimensional reconstructions of the Ct scans were developed using the Picture archiving and Communications system software by Carestream health (Carestream, inc, Rochester, nY). these images were then used to measure VfV, sfV, tfV, and WC for each subject. VfV included all adipose tissue within the abdominal compartment deep to the peritoneum, sfV consisted of fat superficial to the peritoneum, tfV was the sum of VfV and sfV, and WC was the circumference measured around the abdomen. the technique by which these measurements were attained was described previously by Rickles et al 21 and validated with an interobserver reliability within 1% to 2%.
the primary outcome of the study was the development of an incisional hernia. evidence of an incisional hernia was determined by either clinical or radiologic di-agnosis. Clinical evidence was defined by physical examination by a surgeon as described in the patient's electronic medical chart. Radiologic evidence was determined via the final attending radiology report for any postoperative Ct scan of the abdomen and pelvis obtained through the electronic medical chart system. incisional hernia repair was established through operative notes. the duration of time to incisional hernia development was calculated from the date of surgery to the earliest documentation of the presence of an incisional hernia. length of follow-up was calculated as the time between the date of surgery and the date of the most recent clinical note with a documented abdominal examination or radiologic study of the abdomen/pelvis in the patient's chart. Patients were subsequently censored at that time for statistical analysis.
Preoperative comorbidities and demographics that were collected included age, sex, race, height, weight, Bmi, history of inguinal hernia or abdominal wall hernia in the medical chart or on preoperative imaging, history of abdominal surgery and location of incisions, history of arterial aneurysm in the patient medical chart or preoperative imaging, chronic obstructive pulmonary disease, diabetes mellitus, chronic kidney disease (glomerular filtration rate <60 ml/min per 1.73 m 2 ), smoking status (never, previous, current), and asa classification. Perioperative and postoperative characteristics included laparoscopic versus open approach, type and location of incision for specimen extraction (midline versus lateral transverse), corticosteroid use, and superficial surgical site infection (ssi) defined as erythema or purulent drainage at the incision site requiring antibiotics or opening of the wound.
analysis was performed using Bmi, VfV, sfV, tfV, and WC as primary measurements of obesity to compare the rate of incisional hernia development among the different types of measurements. Because there are currently no established cutoff values for obesity with reference to VfV, sfV, and tfV, receiver operating characteristic plots were constructed comparing each fat measurement with incisional hernia as the classifier. Because there was a significant difference between the median fat measurements for men and women (p < 0.001), separate receiver operating characteristic curves were made for the 2 sexes using incisional hernia as the classifier. Cutoff values were then identified, and patients were categorized as either obese or nonobese for each of the body fat composition variables (table 1) . WC >102 cm for men and WC >88 for women were considered obese based on the national institutes of health cutoffs. 22 using the World health organization classification, Bmi ≥30 kg/m 2 was considered obese.
Clinical characteristics were assessed using student t test, mann-Whitney U test, fisher exact test, or χ 2 test as appropriate. all of the reported p values are for 2-sided tests, and a p < 0.05 was considered statistically significant for all of the analyses. Clinically appropriate variables with a p < 0.2 were entered in multivariable analysis. Cox proportional hazards were performed for incisional hernia development based on the different body fat measurements and clinically significant variables. all of the analyses were performed using iBm sPss statistics software, version 22 (sPss inc, Chicago, il). the study was approved by the university of Rochester institutional Review Board (no. 00034985).
RESULTS
of 496 patients treated for colorectal cancer, 193 patients met inclusion criteria ( fig. 1 ). median length of follow-up after surgery was 4.7 years. Preoperative patient demographics, comorbidities, and surgical technique details are presented in table 2. Viscerally obese patients were more likely to be of older age, white, and have arterial aneurysmal disease, chronic kidney disease, and a longer length of follow-up compared with nonobese patients. Patients labeled as obese based on Bmi were more likely to be black and have a history of umbilical hernia. linear regression analysis comparing Bmi with VfV demonstrated that Bmi has a poor correlation with visceral fat ( fig. 2 ). Bmi has a better correlation with tfV (R 2 = 0.622) and WC (R 2 = 0.627) but only a weak correlation with VfV (R 2 = 0.266).
forty-one patients, or 21.2% of the cohort, were diagnosed with an incisional hernia. of these, 31 hernias (75.6%) were clinically apparent on physical examination, whereas the remaining 10 (24.4%) were detected with Ct imaging alone. eleven of the hernias (26.8%) were symptomatic, and 6 of them (14.6%) were incarcerated. median time to incisional hernia development was 1.03 years (mean, 2.07), with a range of 54 days to 8.38 years. fifteen (36.6%) of the patients subsequently underwent hernia repair.
in relation to fat measurements and perioperative complications, visceral obesity was the only fat measurement significantly associated with conversion from a lapa- roscopic to an open procedure (p = 0.03). obese patients defined by Bmi, VfV, tfV, and WC, but not sfV, had significantly higher rates of ssi (table 3) .
using univariate analysis, obesity defined by VfV and tfV were the only fat measurements significantly associated with an increased rate of incisional hernia (p < 0.05). none of the other fat measurements were associated with incisional hernia development, including severe obesity (Bmi ≥35 kg/m 2 ; p = 0.81) and morbid obesity (Bmi ≥40 kg/m 2 ; p = 0.58; table 3). other factors associated with incisional hernia development included length of follow-up, history of inguinal hernia, and incision site (table 4) .
Because there was a correlation among the different fat measurements, separate Cox proportional hazards models were constructed for each of the body fat measurements as independent variables. Visceral obesity (hR 2.04, 95% Ci 1.07-3.91; p = 0.03) and history of an inguinal hernia (hR 2.40, 95% Ci 1.09-5.25; p = 0.03) were the only independent risk factors for incisional hernia development (table 5 and fig. 3 ). Bmi, sfV, tfV, and WC were not significantly associated with incisional hernia on multivariable analysis. using a transverse incision for specimen extraction during laparoscopic resection had a significantly lower rate of incisional hernia compared with open resection and midline extraction during laparoscopic surgery (hR 0.23, 95% Ci 0.07-0.76; p = 0.02).
DISCUSSION
the incidence of incisional hernia after open laparotomy is reported in the literature as varying from 4% to 21% in patients with long-term follow-up. 1,2 the incidence appears to be lower after laparoscopic surgery. 23 our 21.2% incisional hernia rate, which includes both open and laparoscopic resections, was slightly higher than the quoted range, likely as a result of using Ct imaging as a diagnostic tool for hernia detection. nearly 25% of cases were diagnosed based on Ct results alone, without a clinically apparent hernia. obesity has long been considered a major risk factor for incisional hernia development after abdominal surgery. in the literature, Bmi is often used as a measurement of obesity because it is easy to calculate. 2,3,7-11 however, its accuracy in reflecting true body fat composition has been called into question recently. our study shows only a weak correlation between Bmi and visceral fat. in previous work by our group, Bmi was much more accurate at representing subcutaneous fat and WC than visceral fat. 21 this study is the first to specifically evaluate the relationship between central obesity and the risk of incisional hernia. all of the previous studies have used Bmi as a marker for obesity. in contrast to existing literature, visceral obesity, not Bmi, was found to be an independent risk factor for incisional hernia in our study. the pathophysiologic mechanism is likely a combination of excess wall tension and higher rates of ssi. Previous studies have shown a strong correlation between central obesity and increased 496 intra-abdominal pressure, which results in increased abdominal wall tension. 13 our study further demonstrated that visceral obesity confers a 4-fold increase in the rate of superficial ssi, a risk factor for incisional hernia development attributed to impaired wound healing. 3, 7, 8, 10, 17 this finding is similar to that of a study by tsujinaka et al, 16 which also found that visceral obesity was associated with higher rates of ssi after colon resection. Viscerally obese patients in our cohort had longer operative times, which is a risk factor for postoperative infection and may partially explain the higher rate of ssi. 24 the alteration of normal immune function as a result of the excess metabolically active visceral fat may also play a role. 14, 15 additional study is required to determine the true pathophysiologic mechanism behind the higher rates of ssi and incisional hernia in viscerally obese patients.
Regarding surgical technique and location of incision, the order of incisional hernia risk in descending order was open resection (26.8%), laparoscopic resection with specimen extraction through a midline incision (20.0%), and laparoscopic resection with extraction through a lateral transverse incision (7.3%). laparoscopic resection with use of a Pfannenstiel or muscle-splitting lateral transverse incision for specimen extraction was significantly protective, with a 75% reduction in risk for incisional hernia compared with open and laparoscopic midline incisions. these findings are similar to those found in previous literature investi- 26 the choice of extraction site location is a modifiable risk factor, and a transverse incision should be the extraction site of choice for all patients, especially those who are viscerally obese, to minimize the risk of incisional hernia. a history of inguinal hernia was another independent risk factor for incisional hernia development in our study. this finding is similar to that of a recent article by henriksen et al 27 using the Danish hernia Database. they found a significant association between direct and recurrent inguinal hernias and ventral hernia repair. although the pathogenic mechanisms behind hernia formation are not completely understood, underlying collagen disorders likely play a role. aneurysmal disease secondary to collagen and elastin degradation has been shown to be a significant risk factor for incisional hernia in several studies, including a systematic review by takagi et al, 28 which demonstrated a 5-fold increased risk of incisional hernia. increased blood proteolytic activity may play a role in the formation of aortic abdominal aneurysms, inguinal hernias, and likely incisional hernias. 29 an overexpression of metalloproteinase-2 was seen in young patients with direct inguinal hernias, 30 and collagen alteration with a decreased type i:iii collagen ratio has been a consistent finding in patients with inguinal and incisional hernias. 31 this imbalance of collagen types results in thinner collagen fibers with weaker biomechanical strength. 32 these disorders likely have a genetic component, because a recent study by Zöller et al 33 showed shared familial susceptibility to all types of abdominal wall hernias, including inguinal, femoral, epigastric, umbilical, and incisional hernias.
Because of the high rate of incisional hernias in certain patient populations, such as the morbidly obese, several prospective and randomized controlled trials have investigated the use of prophylactic mesh placement in high-risk populations undergoing laparotomy. nearly half of these studies have involved morbidly obese patients undergoing bariatric surgery. [34] [35] [36] [37] hernia occurrence for patients with prophylactic mesh placement was low, ranging from 0% to 8%, with a significant reduction in hernia risk compared with control subjects. mesh complications were low, with only 1 study reporting any cases of mesh infection or mesh explantation. llaguna et al 36 estimated cost savings of more than $36,000 for each patient with prophylactic mesh placement.
an advantage of this cohort is that each of the patients had preoperative Ct imaging of the abdomen and pelvis for staging purposes, which could be used to directly measure VfV, sfV, tfV, and WC. our method of measurement was accurate, reliable, and previously validated. in addition, our median length of follow-up of 4.7 years is longer than many other studies. Because hernia formation is largely a time-dependent process, length of follow-up is essential.
one limitation of this study is its small sample size. nearly one quarter of eligible patients were excluded because of inadequate or unavailable Ct scans, resulting in reduced statistical power. the retrospective nature of our study, as opposed to a prospective design, is an additional limitation. Because patients were not followed prospectively to specifically identify an incisional hernia, our captured incisional hernia rate may be an underestimation of the true rate. We cannot identify patients who presented with an incisional hernia or had the hernia repaired outside of our institution's hospital system. finally, despite the use of receiver operating characteristic curves to establish cutoffs for obesity and risk of incisional hernia, no standardized cutoff values exist for obesity related to VfV, sfV, and tfV measurements. 
CONCLUSION
VfV is a quantitative, reliable measurement that can be obtained from routine preoperative imaging to help risk stratify patients for incisional hernia development. although these results require confirmation by larger studies, this is the first article to suggest that visceral obesity, and not Bmi, is a major risk factor for incisional hernia formation. the choice of specimen extraction site during laparoscopic resection is a modifiable risk factor, and a muscle-splitting lateral transverse incision should be preferred in all patients given its much lower risk of incisional herniation. Given the recent success of several prospective trials investigating prophylactic mesh placement in high-risk patients, new preventative strategies, such as prophylactic mesh placement, should be considered in patients with visceral obesity when laparoscopic resection is not feasible.
